In this paper we analyze the mechanisms which can be implemented on a structure of walking vehicle, vehicle which possesses mobility and stability on different types of soils with obstacles (even other than terrestrial). We present a mechanical model for a walking self-propelled mechanism with joints, for which we perform the kinematic and dynamic analysis. For the dynamic analysis the elements of the mechanism are modeled with solids in AutoCAD, obtaining thus the geometric and mechanic properties of the self-propelled structure. We adopt a dynamic model for which, with the aid of the determined mechanical parameters, we obtain the equation of motion of the machine. After the solving of the equation of motion one obtains the variation of the angular velocity at the driving element. In the end of the paper the authors present the conclusion resulted from the performed study.
Introduction
The field of the walking mechanisms knew a special development when the people started to explore hard accessible environments. The studies show that the mechanisms based on legs, comparing to those based on wheels, are more efficient for displacements on difficult terrains. The attention of the researchers was focused to the analysis of the locomotion by walking, specially by analyzing the walk of different species adapted to their environment, such as: the man, animals, birds, reptiles, myriapods etc. The researches in the field are numerous, different prototypes and studies being realized. In the last years one observes an increase of the researchers' interest in the From the second cross of the bi-cardan mechanism the motion transmits to the conical gear consisting in the conical gears 5 and 6. The gear 6 is rigidly linked at rotation with the axis III. In this way, the rotation motion is transmitted from the axis I to the axis III. The axis III, at its row, puts into motion the two four-bar mechanisms 2 and 4. The four-bar mechanism 2 is sin-phased with the four-bar mechanism 1, while the four-bar mechanism 4 has the tiller phase-shifted with180 0 relative to the tiller of the four-bar mechanism 2. Thus, one realized a mechanism having the same functions with that described in [1] , but with the possibility of rotation around the axis LL ' and around the axis KK ' . This thing is possible due to the cardan formed by the forks 9 and 10 with the joints LL ' and KK ' , respectively. In this way, the front frame 11 may be rotated around the two axes relative to the rear frame 10 which contains the electric motor and the power supply. Thus, the mechanism can change the direction and arise the legs of the mechanisms 2 and 4. This thing permits it to bend in, to pass over the obstacles, to climb stairs of some certain dimensions etc.
Kinematic analysis of the mechanism
In Fig. 2 are represented the kinematic schemas for the four four-bar mechanisms.
All the four-bar mechanisms have the same dimensions of the elements:
The kinematic analysis will be performed only for two four-bar mechanisms: A 1 B 1 C 1 D 1 and A 2 B 2 C 2 D 2 . In [1] was presented the kinematic analysis for a four-bar mechanism by using the method of the contour's projection, and in [2] was presented the kinematic analysis for the same four-bar mechanism by using a CAD soft with AutoLisp functions. If we choose the reference system y xA 1 (Fig. 2 ) and perform the kinematic analysis for the fourbar mechanism 1,
, where the element
A is the driving element and has the position angle For the four-bar mechanism number 3, ), the rest of the analytic relations being identical. In the case of the four-bar mechanism 2,
, in the analytic calculation relations established for the four-bar mechanism 1, one introduces new values only for the coordinates of the joints 2 A and 2 D relative to the system of coordinates y xA 1 . For the driving element , is identical to that of the four-bar mechanism 2, the different being that the position angle 4  of the driving element A of the four-bar mechanism 2 (      2 4 ). Relative to an axis z A 1 perpendicular to the plane of figure, the four-bar mechanisms 3 and 4 are displaced with the distances
Due to the fact that the kinematic analysis of the four-bar mechanism is very known, it will be not presented in this paper. To be out to obtain numerical results we used the analytic calculation relation from [1] . Based on these relations we wrote a calculation program in Turbo Pascal from which we obtained, in matrix form, numerical values for the coordinates of the joints of the mechanisms. The matrix assigned to the coordinate of one point has four columns, one column for each mechanism, and 360 rows (360 positions of the driving element). Thus, the abscissas of the point
. In Figure 2 , we over the kinematic schemas of the mechanisms we have drawn the trajectories of the point M (the tiller curves). These curves were drawn in AutoCAD based on some script files generated by the realized calculation program. In Figs. 3 and 4 we represented the graphics of variation of the angular velocities of the elements 
Modeling of the jointed walking mechanism
To be out to obtain the mechanical parameters necessary to the dynamic calculation, we modeled with solids in AutoCAD the elements of the mechanism.
After their generation one obtains the mechanical parameters with the aid of the AutoCAD command MASSPROP. AutoCAD works with units of length, and the density has the generic value 1.
For this reason, the values returned by AutoCAD must be corrected in order to obtain the real values for the mass and moment of inertia in the International System. For instance, if one works in mm, and the material used is the steel with the density 3 m kg 7800
, then the value returned by AutoCAD is multiplied by
for the mass, and by for the inertial moment. Modeling of the bars of the mechanism. The bars of the mechanism are made from rectangular bars of duralumin of mm 25 25  . Their modeling in AutoCAD is made by extrusion. One chooses the systems of coordinates as follows: in the rotation axis ( A and D ) for the elements 1 and 3 which have rotational motion and in the center of mass ( C ) for the element 2. . Modeling of the axes of the mechanism. The axes of the mechanism, the number of which is four, are circular, with the diameter of mm 12 and the length mm 300
. On these axes one puts the elements of the mechanism, the driving system and the gears. For one axis we get kg 2646 .
. Modeling of the joints of the mechanism. The joints of the mechanism are rotational and prismatic ones. The revolute joints are divided into two categories. The first category is that which realizes the mobile linkage between the bars of the mechanism. The second category of revolute joints is represented by the radial axial bearings. We used: 12 bearings with collar of mm 12 , 2 bearings in frame with foot of mm 12 , 16 linear bearings in frame type SC8UU. Their total mass is
Modeling of the gears. The gears are modeled with the AutoLisp functions described in [1] . The gears are spur conical gears, the angle of the half-cone being equal to 0 45°, the transmission ratio 
. Modeling of the linkage. The linkage must permit the bending in of the mechanism and the lift of the frame in order to pass the obstacles and, eventually, to climb the stairs. We designed the linkage which is rigidly assembled between the two frames. The linkage is made from platband with the thick of mm 5 . The assembling of the previous elements is made by welding. The mass of the system is kg 401 .
. Mounted between the two frames it permits the bending in of the mechanism. If the linkage rotates with 0 90 , then it will permit the lift of the front frame relative to the driving rear frame. The actuation of the linkage is assured by two pinion-gear mechanisms acted by an electric motor of V 12 and a reducer. Two such systems disposed at 0 90 permit the two motions. The mass of the cardan that transmits the motion from the rear frame to the front one is . Modeling of the moto-reducer. The walking mechanism is acted by an electric motor with wormgear reducer. Its mass is 
Dynamic analysis of the walking machines
The goal of the dynamic analysis is to determine the variation of the angular velocity at the driving element under the influence of the forces and torques acting the elements. To be out to do this, a method consists in choosing a simple dynamic model which replaces, from the energetic point of view, the machine. We purpose the reduction at the driving element and we choose as dynamic model [1] a bar in rotational motion and having as dynamic parameters 
We used the notations: ij  -the angular velocity of the element i of the mechanism counted as j , -Mj v -the velocity of the point M of the mechanism j , -
-the velocity of the center of mass of the element i of the mechanism j , - 
For the battery we considered the mass kg 5 .
2  battery m .
The calculation program, written for the kinematic analysis, is completed now with the values of the masses and the values of the moments of inertia, values determined for all the elements, using the calculation relations (1)-(3) and the procedure of solving the equation of motion, presented in [1] . The procedure of solving the moving equation determines the active torque necessary for the actuation of the mechanism. In the case of the previous numerical values one obtains Nm 492
. The calculation program also realizes a script file with the aid of which, in AutoCAD, one may draw the graphic of the variation of the angular velocity in Figure 8 . 
Conclusions
The self-propelled walking mechanism presented here bases on four Tchebyshev-type four-bar mechanisms; two of these mechanisms are phase-shifted and two are sin-phased. In order to bend in and avoid the obstacles, the walking machine has two frames, the rear frame with the propulsion system (moto-reducer, battery, electric cables and command system) and two four-bar mechanisms, and the front frame with another two four-bar mechanisms. The motion is transmitted from the rear frame to the front one by a gear transmission consisting in 4 conical gears and a bi-cardan transmission. By using an angular joint of cardan-type, the walking machine can bend in, pass the obstacles and climb stairs of a certain dimension. For the study of the dynamics of the mechanism, we modeled its elements with solids in AutoCAD, we obtain their mechanical properties, based on which, with the aid of a calculation program written in Turbo Pascal, we solved the moving equation of the machine. The purposed dynamic model is that of a bar in rotational motion, this model corresponding, from the energetic point of view, to the walking machine. The propelled machine can be also loaded, for its own displacement it was necessary an average active torque of Nm 492 . 14 . If one loads the machine, which has its own mass of approximate kg 5 .
28
, with a load equal to its own weight, the active torque given by the calculation program is equal Nm 233 . 35 . The walking machine presented in the paper was experimentally realized, using the specified dimensions. The experimental results are in good agreement with those determined in analytic way.
